The crystal structures of the tri-and tetrahydrate of tin tetrachloride, viz. diaquatetrachlorotin (IV) 2 ] species and water molecules in both cases. The trihydrate contains chains of the tin species linked by a single hydrogen-bonded water molecule, whilst the tetrahydrate has a three-dimensional network. In addition, there are OÐHÁ Á ÁCl interactions present.
Comment
The literature reports several hydrates of tin tetrachloride, including the tri-, tetra-and pentahydrate, but only the last is commercially available [see Klug & Brasted (1958) and Gmelins Handbuch der Anorganischen Chemie (1972)] and it has been structurally characterized using a crystal selected from a commercial bulk sample (Barnes et al., 1980) . As part of a systematic study of interactions between main group elements and acyclic and macrocyclic chalcogenoether ligands, we have isolated and structurally characterized several new families of donor±acceptor compounds involving Sn IV halides with thio-, seleno-and telluroether ligands (Levason & Reid, 2001 ; Levason et al., 2003) . In the course of this work, we have also obtained crystals which have been shown to be hydrates of SnCl 4 . These experiments were carried out under`anhydrous' conditions and clearly the products arose from small amounts of water in the solvents/reagents or ingress of water from the air during manipulations.
By this route, we have prepared and determined the crystal structures of the tri-and tetrahydrate of tin tetrachloride and this has provided an opportunity to compare the two title structures with that of the pentahydrate and to establish if there are features common to all three hydrates, both in the tin species present and in the nature of the hydrogen bonding. The structure analysis of the pentahydrate (Barnes et al., 1980) did not locate the H atoms, but the OÁ Á ÁO and OÁ Á ÁCl distances gave convincing indications of OÐHÁ Á ÁO and OÐ HÁ Á ÁCl interactions. (Fig. 1) . The only initial problem arose from the closeness of the cell parameter to 90 and one of the crystals was shown to be a twin. The data reported are for the non-twin crystal, but the results for the two determinations are essentially identical and gave rise to similar R values. All the H atoms were identi®ed: the tin-bonded water molecules are hydrogen bonded to O3 and by a second hydrogen bond to a Cl atom (Table 1) . The hydrate water, in contrast, is hydrogen bonded to Cl, with each H atom involved in a bifurcated hydrogen bond with rather small OÐHÁ Á ÁCl angles (121±146 (Fig. 2) . Only the H atoms of the bonded water molecules were clearly identi®ed and included in the model, although there was evidence for some H atoms of the ISSN 0108-2701
Figure 1
Packing diagram for trihydrate SnCl 4 Á3H 2 O, viewed along the a direction. OÐHÁ Á ÁO hydrogen bonds are shown as dotted lines and displacement ellipsoids are drawn at the 50% probability level.
Figure 2
Packing diagram for tetrahydrate SnCl 4 Á4H 2 O, viewed along the b direction. H atoms are only included in the model for atoms O1 to O4, but are excluded from the diagram for clarity. Displacement ellipsoids are drawn at the 50% probability level. [Symmetry code: (a) x, 1 À y, Cusack et al. (1984) and Junk & Raston (2004) ]. Four examples are hydrates and involve hydrogen bonding between the tin residue and the hydrate water and organic O atoms. Surprisingly, one example (Hough et al., 1986) (6) 2.91 (6) 3.425 (4) 122 (6) Symmetry codes: (i) xY
For the trihydrate, all the H atoms were located from a difference electron-density map and re®ned using restraints on the OÐH bond distances (0.84 A Ê ). H atoms were given a common re®ned displacement parameter. For the tetrahydrate, a difference electron-density map showed a number of peaks for potential H atoms, of which the eight of the tin-bonded water molecules were the most convincing, with reasonable OÐH, HÐOÐH and HÐOÐSn geometry. Inclusion of these with restraints (DFIX) gave a satisfactory model. The H atoms on the hydrate water molecules were incomplete, with poor HÐOÐH angles (in two cases where both H atoms were located), and re®nement calculations gave unsatisfactory intermolecular HÁ Á ÁH distances. Accordingly, these H atoms were excluded from the model. The Flack (1983) parameter for the tetrahydrate was determined from a small number of re¯ections, which makes the absolute structure determination of the chosen crystals less reliable. The H atoms were ®xed in the ®nal cycle as the shift/error values were small but failing to converge probably due to the large correlation coef®-cients between the H-atom coordinates.
For both compounds, data collection and cell re®nement: MSC/ AFC Diffractometer Control Software (Molecular Structure Corporation, 1988); data reduction: TEXSAN (Molecular Structure Corporation, 1995); program(s) used to solve structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEPII (Johnson, 1976) ; software used to prepare material for publication: SHELXL97. i49 inorganic compounds are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. DFIX used on the d(O-H) distances with a target distance 0.84 (2) Angstrom. H atoms given a common refined adp. are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. The H atoms of the Sn bonded waters were included in the model. The other H atoms were less convincing as not all were found, did not refine well and these were excluded from the model. Restraints on O-H were used. Fixed H atoms in final cycle as shift/error were small but failing to converge probably due to large correlation between H atom parameters. Probably not enough Friedel related reflections (90) for a reliable absolute structure determination. Geometric parameters (Å, º) 
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